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(B4)  Fuel  pump  counter  transfer  pinion. 

A  fuel  pump  register  cost  counter  having  a  transfer  pinion 
permitting  count  transfers  from  the  units  to  the  tens  counter 
wheel  at  a  substantially  predetermined  maximum  torque 
through  a  torsion  spring  connection  between  input  and  output 
gear  sections  of  the  transfer  pinion  and  which  prevents  trans- 
fer  overtravel  and  oscillation  and  provides  for  accurately  loca- 
ting  the  tens  counter  wheel. 



T e c h n i c a l   F i e l d  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  f u e l   p u m p  

c o u n t e r s   of  t h e   t y p e   h a v i n g   a  bank   of  r e s e t t a b l e   c o a x i a l  

c o u n t e r   w h e e l s   and  i n t e r m e d i a t e   t r a n s f e r   p i n i o n s   and  m o r e  

p a r t i c u l a r l y   r e l a t e s   to  a  new  and  i m p r o v e d   t r a n s f e r   p i n i o n  

h a v i n g   n o t a b l e   use   in  s u c h   c o u n t e r s   b e t w e e n   t h e   l o w e s t   a n d  

n e x t   l o w e s t   o r d e r   c o u n t e r   w h e e l s .  

In  f u e l   pump  r e g i s t e r s ,   b e c a u s e   of  t he   r a p i d l y   e s c a -  

l a t i n g   c o s t   of   g a s o l i n e ,   t h e   c o s t   c o u n t e r s   a r e   b e i n g   r o t a t e d  

at   c o r r e s p o n d i n g l y   i n c r e a s i n g   r a t e s   of   s p e e d   ( f o r   any  g i v e n  

v o l u m e   r a t e   of   f u e l   d e l i v e r y )   and  w h e r e b y   t h e   i n c r e a s e d   r a t e  

of  r o t a t i o n   of   t he   c o s t   c o u n t e r s   r e s u l t s   in  s u b s t a n t i a l l y  

i n c r e a s e d   w e a r   and  i m p a c t ,   p a r t i c u l a r l y   d u r i n g   t h e   c o u n t  

t r a n s f e r   i n t e r v a l   when  one  or  more  t r a n s f e r   p i n i o n s   a n d  

a s s o c i a t e d   h i g h e r   o r d e r   c o u n t e r   w h e e l s   a r e   a c c e l e r a t e d   f r o m  

r e s t   a t   t he   b e g i n n i n g   of   t he   t r a n s f e r   and  d e c e l e r a t e d   t o  

r e s t   at   t he   c o m p l e t i o n   of   t he   t r a n s f e r .   A c c o r d i n g l y ,   i t  

is  d e s i r a b l e   to  p r o v i d e   a  t r a n s f e r   d r i v e   p a r t i c u l a r l y   b e t w e e n  



t h e   l o w e s t   and  n e x t   l o w e s t   o r d e r   c o u n t e r   w h e e l s   of  e a c h  

c o s t   c o u n t e r   of   t h e   f u e l   pump  r e g i s t e r   f o r   r e d u c i n g   t h e  

m e c h a n i c a l   s h o c k   and  a t t e n d a n t   w e a r   of  t h e   c o u n t e r   m e c h a n i s m  

d u r i n g   t h e   t r a n s f e r   i n t e r v a l .  

B a c k g r o u n d   A r t  

The  p r i o r   a r t   U . S .   P a t e n t   No.  2 , 9 2 8 , 2 8 8   of   H.  N.  B l i s s  

e t   a l ,   d a t e d   M a r c h   15,   1960  and  e n t i t l e d   " T r a n s f e r   P i n i o n  

For   C o u n t e r s "   d i s c l o s e s   a  s h o c k   a b s o r b i n g   t r a n s f e r   p i n i o n  

h a v i n g   b i - d i r e c t i o n a l   c o m p r e s s i o n   s p r i n g s   b e t w e e n   i n p u t  

and  o u t p u t   g e a r   s e c t i o n s   o f   t he   t r a n s f e r   p i n i o n   to  r e d u c e  

t h e   t r a n s f e r   s h o c k   l o a d i n g   t r a n s m i t t e d   t h r o u g h   t he   t r a n s f e r  

p i n i o n   d u r i n g   t h e   t r a n s f e r   i n t e r v a l .   S i m i l a r l y ,   p r i o r   a r t  

U . S .   P a t e n t   No.  2 , 3 3 6 , 3 0 7   of   E.  A.  S l y ,   d a t e d   D e c e m b e r   7 ,  

1943  and  e n t i t l e d   " C o u n t e r "   d i s c l o s e s   a  c o u n t e r   w h e e l   d r i v e  

g e a r   w i t h   a  b i - d i r e c t i o n a l   t o r s i o n   s p r i n g   f o r   r e d u c i n g   t h e  

t r a n s f e r   d r i v e   s h o c k   t r a n s m i t t e d   t h r o u g h   t h e   d r i v e   g e a r .  

A  t h i r d   p r i o r   a r t   U . S .   P a t e n t   No.  3 , 9 1 6 , 7 1 3   o f   E.  T.  Y o u n g ,  

d a t e d   N o v e m b e r   4,  1975  and  e n t i t l e d   " S n a p   A c t i o n   T r a n s f e r  

P i n i o n " ,   d i s c l o s e s   a  t r a n s f e r   p i n i o n   w i t h   a  t o r s i o n   s p r i n g  

d r i v e   p r e l o a d e d   d u r i n g   t he   i n i t i a l   p a r t   of   t h e   t r a n s f e r  

i n t e r v a l   and  t h e n   r e l e a s e d   to  p r o d u c e   a  r a p i d   t r a n s f e r   a t  

t h e   end  o f   t h e   t r a n s f e r   i n t e r v a l .  



In  t he   f o r e g o i n g   p r i o r   a r t   p a t e n t s ,   a l t h o u g h   t he   d i s -  

c l o s e d   s p r i n g   d r i v e   m e c h a n i s m s   p r o v i d e   f o r   r e d u c i n g   t h e  

t r a n s f e r   s h o c k   a t   l e a s t   at   t h e   b e g i n n i n g   of  t h e   t r a n s f e r  

i n t e r v a l ,   t he   d i s c l o s e d   m e c h a n i s m s   do  n o t   e n s u r e   t h a t ,  

u n d e r   h i g h   s p e e d   o p e r a t i n g   c o n d i t i o n s ,   e a c h   t r a n s f e r   i s  

t r a n s m i t t e d   at   a  low  s u b s t a n t i a l l y   c o n s t a n t   t r a n s f e r   d r i v e  

r a t e .  

D i s c l o s u r e   of  I n v e n t i o n  

In  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n ,   a  new  a n d  

i m p r o v e d   f u e l   pump  c o u n t e r   t r a n s f e r   p i n i o n   is   p r o v i d e d  

w h i c h   t r a n s m i t s   a  low  s u b s t a n t i a l l y   c o n s t a n t   p e a k   t r a n s f e r  

d r i v e   t o r q u e   u n d e r   h i g h   s p e e d   o p e r a t i n g   c o n d i t i o n s   and  c o n -  

t r o l s   t h e   t r a n s f e r   i n t e r v a l   in  a c c o r d a n c e   w i t h   t h e   c o u n t e r  

o p e r a t i n g   s p e e d   to  r e d u c e   t he   m e c h a n i c a l   s h o c k   and  w e a r   o f  

t h e   c o u n t e r   m e c h a n i s m .  

In  a d d i t i o n ,   t h e   t r a n s f e r   p i n i o n   of  t h e   p r e s e n t   i n -  

v e n t i o n   e n a b l e s   t h e   t r a n s f e r   to  be  t r a n s m i t t e d   d u r i n g   m o r e  

t h a n   one  f u l l   r e v o l u t i o n   of  t he   l o w e r   o r d e r   c o u n t e r   w h e e l .  

F u r t h e r ,   t h e   new  and  i m p r o v e d   f u e l   pump  c o u n t e r   t r a n s -  

f e r   p i n i o n   of   t he   p r e s e n t   i n v e n t i o n   c o n t r o l s   end  of  t r a n s -  



f e r   o s c i l l a t i o n   to  e n s u r e   t h a t   t h e   t r a n s f e r   p i n i o n   a n d  

t h e   h i g h e r   o r d e r   c o u n t e r   w h e e l   a r e   n o r m a l l y   g r a d u a l l y  

d e c e l e r a t e d   to  r e s t   or  a p p r o a c h i n g   r e s t   a t   t h e   end  o f  

e a c h   t r a n s f e r   and  t h e n   a c c e l e r a t e d   a t   t he   b e g i n n i n g   o f  

t h e   s u c c e e d i n g   t r a n s f e r .  

O t h e r   o b j e c t s   w i l l   be  in  p a r t   o b v i o u s   and  in  p a r t  

p o i n t e d   o u t   more   in   d e t a i l   h e r e i n a f t e r .  

A  b e t t e r   u n d e r s t a n d i n g   of   t he   i n v e n t i o n   w i l l   b e  

o b t a i n e d   f r o m   t h e   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   and  t h e  

a c c o m p a n y i n g   d r a w i n g s   of   i l l u s t r a t i v e   a p p l i c a t i o n s   o f  

t h e   i n v e n t i o n .  

B r i e f   D e s c r i p t i o n   of  D r a w i n g s  

In  t h e   d r a w i n g s :  

F i g .   1  i s   a  f r o n t   e l e v a t i o n   v i e w ,   p a r t l y   b r o k e n   a w a y ,  

of   a  f u e l   pump  r e g i s t e r   c o s t   c o u n t e r   i n c o r p o r a t i n g   a  f i r s t  

e m b o d i m e n t   of   a  t r a n s f e r   p i n i o n   of   t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   2  i s   an  e n l a r g e d   t r a n s v e r s e   s e c t i o n   v i e w ,   p a r t l y  

b r o k e n   away  and  p a r t l y   in   s e c t i o n ,   of   t h e   c o s t   c o u n t e r  

t a k e n   g e n e r a l l y   a l o n g   l i n e   2-2  of   F i g .   1 ;  



Fig .   3  i s   an  e n l a r g e d   a x i a l   s e c t i o n   v i e w ,   p a r t l y  

b r o k e n   away  and  p a r t l y   in  s e c t i o n ,   of  t he   c o s t   c o u n t e r  

t a k e n   s u b s t a n t i a l l y   a l o n g   l i n e   3-3  of  F i g .   2 ;  

F i g .   4  i s   an  e n l a r g e d   t r a n s v e r s e   s e c t i o n   v i e w ,  

p a r t l y   b r o k e n   away  and  p a r t l y   in  s e c t i o n ,   s h o w i n g   a 

s e c o n d   e m b o d i m e n t   of  a  t r a n s f e r   p i n i o n   of  t he   p r e s e n t  

i n v e n t i o n ;   a n d  

F i g .   5  i s   an  e n l a r g e d   a x i a l   s e c t i o n   v i e w ,   p a r t l y  

b r o k e n   away  and  p a r t l y   in  s e c t i o n ,   s h o w i n g   t he   t r a n s f e r  

p i n i o n   e m b o d i m e n t   of  F ig .   4 .  

Bes t   Mode  for   C a r r y i n g   Out  The  I n v e n t i o n  

R e f e r r i n g   now  to  t he   d r a w i n g s   in  d e t a i l ,   w h e r e i n  

l i k e   r e f e r e n c e   n u m e r a l s   i n d i c a t e   l i k e   p a r t s ,   t h e r e   i s  

shown  a  f u e l   pump  r e g i s t e r   c o s t   c o u n t e r   10  of  t h e   t y p e  

shown  i n  U . S .   P a t e n t   No.  2 , 9 3 2 , 4 4 8   of  H.N.  B l i s s ,   d a t e d  

A p r i l   12,  1 9 6 0 ,   and  e n t i t l e d   " R e s e t t i n g   M e c h a n i s m   f o r  

C o u n t e r s " .   The  c o s t   c o u n t e r   10  may  be  i d e n t i c a l   to  t h e  

r e s e t t a b l e   c o s t   c o u n t e r   shown  in  US  2 , 9 3 2 , 4 4 8   e x c e p t i n g  

as  h e r e i n a f t e r   d e s c r i b e d .   A l t h o u g h   t h e c o s t   c o u n t e r   10 

w i l l   t h e r e f o r e   no t   be  d e s c r i b e d   in  d e t a i l ,   b r i e f l y ,   t h e  

c o s t   c o u n t e r   10  c o m p r i s e s   a  bank  of  f o u r   c o a x i a l   d e c a d e  

c o u n t e r   w h e e l s   (o f   which   o n l y   t h r e e   c o u n t e r   w h e e l s   1 2 - 1 4  

a re   shown)   of  i n c r e a s i n g   o r d e r   of  s i g n i f i c a n c e   m o u n t e d  

on  a  c o u n t e r   whee l   s h a f t   16  and  a d a p t e d  



to  be  d r i v e n   v i a   a  c o u n t e r   d r i v e   g e a r   18  f o r   r e g i s t e r i n g  

t h e   a c c u m u l a t e d   c o s t   a m o u n t   of   f u e l   d e l i v e r e d   f o r   e x a m p l e  

up  to   $ 9 9 . 9 9 .   The  c o s t   c o u n t e r   w h e e l s   may  be  i d e n t i c a l  

to  t h a t   shown  and  d e s c r i b e d   in  U .S .   P a t e n t   No.  4 , 1 4 2 , 6 7 2  

of   B . S .   S m i l g y s ,   d a t e d   March   6,  1979  and  e n t i t l e d   " C o u n t e r  

Whee l   A s s e m b l y   w i t h   I m p r o v e d   R e s e t   C o n t r o l   M e c h a n i s m " .  

An  i n t e r m e d i a t e   t r a n s f e r   p i n i o n   i s   r o t a t a b l y   m o u n t e d  

on  a  t r a n s f e r   p i n i o n   s h a f t   24  b e t w e e n   e a c h   p a i r   of  a d -  

j a c e n t   c o u n t e r   w h e e l s   of   h i g h e r   and  l o w e r   o r d e r   f o r   t r a n s -  

m i t t i n g   a  t r a n s f e r   or  c o u n t   f r o m   e a c h   l o w e r   o r d e r   w h e e l   t o  

t h e   a d j a c e n t   h i g h e r   o r d e r   c o u n t e r   w h e e l .   A  t r a n s f e r   p i n i o n  

26  c o n s t r u c t e d   in   a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n   i s  

m o u n t e d   b e t w e e n   t he   l o w e s t   o r d e r   or  u n i t s   d e c a d e   w h e e l   12  

and   t h e   n e x t   h i g h e r   o r d e r   or  t e n s   d e c a d e   w h e e l   13,  and  a  .  

c o n v e n t i o n a l   t r a n s f e r   p i n i o n   28  ( o n l y   one  of   w h i c h   b e i n g  

shown  in  F i g .   1)  is  m o u n t e d   b e t w e e n   e a c h   r e m a i n i n g   p a i r   o f  

a d j a c e n t   l o w e r   and  h i g h e r   o r d e r   c o u n t e r   w h e e l s .  

In  a  c o n v e n t i o n a l   m a n n e r ,   e a c h   l o w e r   o r d e r   c o u n t e r  

w h e e l   c o m p r i s e s   a  c o m b i n e d   l o c k i n g   r i n g   and  t w o - t o o t h  

t r a n s f e r   g e a r   s e g m e n t   30  e n g a g e a b l e   w i t h   a  m u t i l a t e d ,   e i g h t -  

t o o t h   i n p u t   or  d r i v e n   g e a r   s e c t i o n   32  of   t h e   r e s p e c t i v e  

t r a n s f e r   p i n i o n   f o r   i n d e x i n g   t h e   i n p u t   g e a r   s e c t i o n   32  

a  p r e d e t e r m i n e d   t r a n s f e r   a n g l e ,   90°  in   t h e   c o u n t e r c l o c k w i s e  



d i r e c t i o n   as  v i e w e d   in  F i g .   2,  as  t h e   l o w e r   o r d e r   c o u n t e r  

w h e e l   is   i n d e x e d   f rom  "9"  to  "0"   ( c o n v e n t i o n a l l y   3 6 ° ) ,   i n  

t he   c l o c k w i s e   d i r e c t i o n   as  v i e w e d   in  F i g .   2.  B e t w e e n   t r a n s -  

f e r s ,   a l t e r n a t e   r e l a t i v e l y   w i d e   t e e t h   34  of   t h e   m u t i l a t e d ,  

e i g h t - t o o t h   i n p u t   g e a r   s e c t i o n   32  of   t h e   t r a n s f e r   p i n i o n  

e n g a g e   t h e   o u t e r   c y l i n d r i c a l   s u r f a c e   36  of   t he   l o c k i n g   r i n g  

38  to  l o c k   t h e   i n p u t   g e a r   s e c t i o n   32  a g a i n s t   r o t a t i o n .   I n  

t h e   c o n v e n t i o n a l   t r a n s f e r   p i n i o n   28,  an  e i g h t - t o o t h   o u t p u t  

or  d r i v e n   g e a r   s e c t i o n   40  of  t he   t r a n s f e r   p i n i o n   28  i s  

f o r m e d   i n t e g r a l l y   w i t h   t he   i n p u t   g e a r   s e c t i o n   42,  and  w h e r e b y  

t h e   n e x t   h i g h e r   o r d e r   d e c a d e   w h e e l   14  is  r o t a t e d   by  t h e  

t r a n s f e r   p i n i o n   28  and  v i a   i t s   w h e e l   d r i v e   g e a r   44,  o n e  

c o u n t   or  36°  as  t h e   a d j a c e n t   l o w e r   o r d e r   c o u n t e r   w h e e l   13 

is   r o t a t e d   36°  or  one  c o u n t   f rom  "9"   to  " 0 " ,   t h e r e b y   t o  .  

t r a n s m i t   a  c o u n t   or  t r a n s f e r   to  t h e   h i g h e r   o r d e r   c o u n t e r  

w h e e l   1 4 .  

A  f i r s t   e m b o d i m e n t   26  of  a  t r a n s f e r   p i n i o n   of  t h e  

p r e s e n t   i n v e n t i o n   is  shown  in  F i g s .   2  and  3.  The  i n p u t   a n d  

o u t p u t   g e a r   s e c t i o n s   or  p a r t s   32,  46  r e s p e c t i v e l y   of  t h e  

t r a n s f e r   p i n i o n   26  a r e   s e p a r a t e l y   m o l d e d   of   f o r   e x a m p l e  

n y l o n   and  d e l r i n ,   r e s p e c t i v e l y .   The  two  m o l d e d   p l a s t i c  

p a r t s   32,   46  have   hubs   48,   49  r e s p e c t i v e l y   f o r   i n d i v i d u a l l y  

and  i n d e p e n d e n t l y   r o t a t a b l y   m o u n t i n g   t h e   two  g e a r   s e c t i o n s  



32,  46  o n  t h e   t r a n s f e r   p i n i o n   s u p p o r t   s h a f t   2 4 .  

An  a n n u l a r   r a d i a l   f l a n g e   50  is   p r o v i d e d   on  t he   o u t p u t  

g e a r   s e c t i o n   46  at   t h e   i n t e r f a c e   b e t w e e n   the   i n p u t   a n d  

o u t p u t   g e a r   s e c t i o n s   32,  46  to  r e t a i n   the   a s s e m b l e d   t r a n s -  

f e r   p i n i o n   in   p r o p e r   a x i a l   p o s i t i o n   on  the   p i n i o n   s h a f t   24 

in  o p e r a t i v e   e n g a g e m e n t   w i t h   t he   c o m b i n e d   l o c k i n g   r i n g   a n d  

t r a n s f e r   s e g m e n t   30  of  t he   u n i t s   or  l o w e r   o r d e r   d e c a d e  

w h e e l   12  and  t h e   d r i v e   g e a r   44  of  t he   a d j a c e n t   h i g h e r   o r d e r  

or  t e n s   d e c a d e   w h e e l   13.  For   t h a t   p u r p o s e ,   as  s e e n   in  F i g .  

1,  t h e   i n t e r m e d i a t e   a n n u l a r   f l a n g e   50  i s   e n g a g e a b l e   w i t h  

t h e   s i d e   of  t h e   t e n s   w h e e l   d r i v e   g e a r   44  to  l i m i t   t h e   a x i a l  

m o v e m e n t   of  t h e   t r a n s f e r   p i n i o n   to  t h e   l e f t   as  s e e n   in  F i g .  

1.  The  a l t e r n a t e   r e l a t i v e l y   n a r r o w   t e e t h   54  of  t h e   e i g h t -  

t o o t h   i n p u t   g e a r   s e c t i o n   32  of  t h e   t r a n s f e r   p i n i o n   26  a r e  

e n g a g e a b l e   w i t h   a  f l a t   end  f a c e   56  of   t he   l o c k i n g   r i n g   38 

to  l i m i t   t he   a x i a l   m o v e m e n t   of   t h e   t r a n s f e r   p i n i o n   26  in   t h e  

o p p o s i t e   d i r e c t i o n ,   to  t h e   r i g h t   as  v i e w e d   in  F i g .   1 .  

The  i n p u t   and  o u t p u t   g e a r   s e c t i o n s   32,  46  of  t h e   t r a n s -  

f e r   p i n i o n   26  a r e   f o r m e d   w i t h   i n t e r l o c k i n g   e l e m e n t s   t o  

p r e v e n t   a x i a l   s e p a r a t i o n   of  t he   two  g e a r   p a r t s   32,  46  a n d  

to  e n a b l e   t h e   t r a n s f e r   p i n i o n   26  to  be  p r e a s s e m b l e d   b e f o r e  

a s s e m b l y   of   t h e   f u e l   pump  r e g i s t e r .   For  t h a t   p u r p o s e ,   t h e  

a n n u l a r   f l a n g e   50  of  the   o u t p u t   g e a r   s e c t i o n   46  is  f o r m e d  

w i t h   a  p l u r a l i t y   of   f o u r ,   e q u i a n g u l a r l y   s p a c e d   ( i . e .   9 0 °  

s p a c e d )   and  r a d i a l l y   i n w a r d l y   p r o j e c t i n g   g e n e r a l l y   s e m i -  



c i r c u l a r   t a n g s   or  e a r s   60,  e a c h   h a v i n g   an  i n n e r   r a d i a l l y  

i n w a r d l y   t a p e r i n g   f a c e   62  and  c o l l e c t i v e l y   g e n e r a l l y   d e -  

f i n i n g   a  r a d i a l l y   i n w a r d l y   o p e n i n g   a n n u l u s .   The  i n p u t   g e a r  

s e c t i o n   32  has   an  a n n u l a r   r a d i a l   f l a n g e   64  at  t he   i n t e r f a c e  

of  t h e   two  g e a r   s e c t i o n s   w h i c h   has   a  r a d i a l l y   o u t w a r d l y  

t a p e r i n g   f a c e   66  and  w h i c h   is   r e c e i v e d   w i t h i n   t he   a n n u l u s  

f o r m e d   by  t h e   t a n g s   60.  A l s o ,   t h e   r a d i a l   f l a n g e   64  i s  

f o r m e d   w i t h   f o u r   e q u i a n g u l a r l y   s p a c e d   ( i . e .   90°  s p a c e d )  

g e n e r a l l y   s e m i c i r c u l a r   c u t o u t s   or  o p e n i n g s   68  f o r   r e c e i v i n g  

the   t a n g s   60  to  p e r m i t   t he   two  t r a n s f e r   p i n i o n   p a r t s   32,  26 

to  be  a s s e m b l e d   in  f a c e - t o - f a c e   a s s o c i a t i o n   as  b e s t   shown  i n  

F i g .   3.  The  f o u r   c o o p e r a t i n g   t a n g s   60  and  o p e n i n g s   68  a r e  

p r e f e r a b l y   a n g u l a r l y   o f f s e t ,   f o r   e x a m p l e   as  shown  in  F i g .   2 

b e t w e e n   a l t e r n a t e   t r a n s f e r   p i n i o n   t e e t h ,   so  t h a t   t he   t w o  

m o l d e d   p a r t s   can  be  f i t t e d   t o g e t h e r   in  a  45°  a n g u l a r   o f f s e t  

r e l a t i o n s h i p   and  t h e n   r o t a t e d   45°  r e l a t i v e   to  e a c h   o t h e r  

in  e i t h e r   a n g u l a r   d i r e c t i o n   to  p l a c e   t he   i n p u t   and  o u t p u t  

g e a r   t e e t h   in  p r o p e r   a n g u l a r   a l i g n m e n t .   A l s o ,   as  h e r e i n -  

a f t e r   more  f u l l y   d e s c r i b e d ,   the   i n p u t   and  o u t p u t   g e a r   p a r t s  

32,  46  a r e   r e l a t i v e l y   r o t a t a b l e   b e t w e e n   90°  l i m i t   p o s i t i o n s  

e s t a b l i s h e d   by  the   e n g a g e m e n t   of  an  a x i a l l y   p r o j e c t i n g  

a b u t m e n t   s e g m e n t   70  of  t he   o u t p u t   g e a r   p a r t   46  w i t h   g e n e r a l l y  

d i a m e t r i c a l l y   o p p o s e d   r a d i a l   s h o u l d e r s   71,  72  of  t he   i n p u t  

g e a r   p a r t   32.  As  i n d i c a t e d ,   in  e a c h   of  the   90°  l i m i t  



p o s i t i o n s   of   t h e   two  g e a r   p a r t s   32,  46,  t he   g e a r   t e e t h   o f  

t h e   two  g e a r   p a r t s   32,  46  a r e   in  a n g u l a r   a l i g n m e n t   a n d  

t h e   two  p a r t s   a r e   h e l d   t o g e t h e r   by  t h e   i n t e r l o c k   p r o v i d e d  

by  t h e   r a d i a l   f l a n g e   64  of   t he   i n p u t   g e a r   p a r t   32  a n d  

t h e   i n w a r d l y   p r o j e c t i n g   t a n g s   60  of  t h e   o u t p u t   g e a r   p a r t  

4 6 .  

As  can   be  b e s t   s e e n   in  F i g .   2,  t h e   two  t r a n s f e r   p i n i o n  

p a r t s   32,  46  a r e   m o u n t e d   to  f i t   t o g e t h e r   w i t h   t h e   a b u t m e n t  

s e g m e n t   70  of   t h e   o u t p u t   g e a r   p a r t   46  r e c e i v e d   w i t h i n   a n  

e n l a r g e d   g e n e r a l l y   s e m i c i r c u l a r   s e c t o r   o p e n i n g   74  in  t h e  

i n p u t   g e a r   p a r t   32  e x t e n d i n g   b e t w e e n   t h e   a b u t m e n t   s h o u l d e r s  

71,  72.  An  i n t e r n a l   a n n u l u s   76  is   f o r m e d   by  b o t h   of   t h e  

t r a n s f e r   p i n i o n   p a r t s   32,  46  b e t w e e n   r e s p e c t i v e   a x i a l l y  

i n w a r d l y   e x t e n d i n g   and  e n g a g i n g   hub  p o r t i o n s   77,  78  o f  

t h e   two  p a r t s   and  t h e   i n t e r n a l   c y l i n d r i c a l   s u r f a c e   80  o f  

t h e   a b u t m e n t   s e g m e n t   70  and  an  i n t e r n a l   c y l i n d r i c a l   s u r f a c e  

82  of   t h e   same  d i a m e t e r   of  t h e   i n p u t   g e a r   p a r t   32.  T h e  

i n t e r n a l   a n n u l u s   76  e x t e n d s   a x i a l l y   o u t w a r d l y   of  t h e   a -  

b u t m e n t   s e g m e n t   70  i n t o   t h e   i n p u t   g e a r   p a r t   32  and  a x i a l l y  

o u t w a r d l y   of   t h e   o p p o s e d   f a c e s   of  t h e   two  g e a r   p a r t s   i n t o  

t h e   o u t p u t   g e a r   p a r t   46.  The  i n t e r n a l   c a v i t y   w h i c h   i n c l u d e s  

t h e   i n t e r n a l   a n n u l u s   76  and  s e c t o r   74  i s   f u l l y   e n c l o s e d  



( w i t h   t h e   two  g e a r   p a r t s   f u l l y   a s s e m b l e d   in  f a c e - t o - f a c e  

r e l a t i o n s h i p   as  shown  in  F i g .   3)  e x c e p t   f o r   an  a x i a l   o p e n -  

ing   84  in  t h e   o u t p u t   g e a r   p a r t   46  l e a d i n g   to  an  a x i a l l y  

o u t w a r d l y   o p e n i n g   r a d i a l   s l o t   86.  A  s i m i l a r ,   bu t   a x i a l l y  

i n w a r d l y   o p e n i n g   r a d i a l   s l o t   88  is  p r o v i d e d   in  t h e   i n p u t  

g e a r   p a r t   32  w i t h i n   one  of  t he   f o u r   r e l a t i v e l y   l o n g   t e e t h  

34  of   t h e   m u t i l a t e d   e i g h t - t o o t h   i n p u t   g e a r   3 2 .  

A  t o r s i o n   c o i l   s p r i n g   90  i s   m o u n t e d   as  h e r e i n a f t e r   - 

d e s c r i b e d   in  a  p r e l o a d e d   s t a t e   in  t he   i n t e r n a l   a n n u l u s   76  

w i t h   i t s   r a d i a l l y   o u t w a r d l y   e x t e n d i n g   e n d s   91,  92  r e c e i v e d  

in  t h e   r a d i a l   s l o t s   86,  88  r e s p e c t i v e l y   f o r   l o c k i n g   t h e  

e n d s   of  t he   t o r s i o n   s p r i n g   to  t h e   two  t r a n s f e r   p i n i o n  

p a r t s   3 2 ,  4 6 .   The  t o r s i o n   c o i l   s p r i n g   90  has   f o r   e x a m p l e  

f i v e   or  s i x   c o i l s   w i t h   t h e   s p r i n g   e n d s   a p p r o x i m a t e l y  

d i a m e t r i c a l l y   o p p o s e d   in  t he   u n l o a d e d   s p r i n g   s t a t e .   A l s o ,  

t h e   s p r i n g   c o i l s   in  t he   u n l o a d e d   s p r i n g   s t a t e   h a v e   a n  

o u t e r   d i a m e t e r   a p p r o x i m a t e l y   e q u a l   to  bu t   s l i g h t l y   l e s s  

t h a n   t h e   o u t e r   d i a m e t e r   of  t h e   s p r i n g   a n n u l u s   76  and  w h e r e b y  

t h e   a s s e m b l e d   s p r i n g   90  is  r e t a i n e d   a g a i n s t   l a t e r a l   m o v e m e n t  

in  t h e   s p r i n g   a n n u l u s   76  d u r i n g   r e l a t i v e   r o t a t i o n   of  t he   t w o  

t r a n s f e r   p i n i o n   p a r t s   32,  4 6 .  



For   i n s t a l l i n g   t h e   s p r i n g   90  and  p r e a s s e m b l i n g   t h e  

t r a n s f e r   p i n i o n ,   e i t h e r   end  91,  92  of  t h e   t o r s i o n   s p r i n g  

i s   i n s e r t e d   t h r o u g h   t h e   o p e n i n g   84  in  t h e   o u t p u t   g e a r  

p a r t   46  and  t h e n   i n t o   t h e   a d j a c e n t   s l o t   86  and  so  t h a t  

t h e   c o i l s   of  t h e   s p r i n g   a r e   c o a x i a l l y   m o u n t e d   on  t h e   o u t p u t  

g e a r   p a r t   46  w i t h i n   i t s   p o r t i o n   of   the   s p r i n g   a n n u l u s   7 6 .  

The  i n p u t   and  o u t p u t   g e a r   p a r t s   32,  46  a r e   t h e n   b r o u g h t   i n t o  

o p p o s e d   s p a c e d   f a c e - t o - f a c e   r e l a t i o n s h i p   and  r e l a t i v e l y  

a n g u l a r l y   p o s i t i o n e d   to  p l a c e   t h e   f r e e   end  o f  t h e   t o r s i o n  

s p r i n g   90  in   t h e   r a d i a l   s l o t   88  of   the  i n p u t   g e a r   p a r t   3 2 .  

The  two  g e a r   p a r t s   32,  46  a r e   t h e n   r o t a t e d   180°  r e l a t i v e   t o  

e a c h   o t h e r   ( i n   t h e   a n g u l a r   d i r e c t i o n   f o r   c o n t r a c t i n g   t h e  

t o r s i o n   s p r i n g )   to   a l i g n   t h e   i n t e r l o c k   t a n g s   60  of   t h e   o u t p u t  

g e a r   p a r t   46  f o r   r e c e i p t   w i t h i n   t he   o p e n i n g s   68  of   t h e   i n p u t  

g e a r   p a r t   32.  The  two  g e a r   p a r t s   32,  46  a r e   t h e n   p r e s s e d  

t o g e t h e r   to   c o m p l e t e   t h e   p i n i o n   a s s e m b l y   and  r e l e a s e d   t o  

p e r m i t   t h e   l o a d e d   t o r s i o n   s p r i n g   90  to  r o t a t e   t h e   a b u t m e n t  

s e g m e n t   70  i n t o   e n g a g e m e n t   w i t h   t h e   l e a d i n g   a b u t m e n t   s h o u l d e r  

71.   In  t h a t   r e s t   p o s i t i o n ,   t he   t o r s i o n   s p r i n g   90  is   p r e -  

l o a d e d   a  p r e d e t e r m i n e d   a m o u n t   d e p e n d e n t   on  i t s   s p r i n g   r a t e  

by  t h e   1350  p r e l o a d   r o t a t i o n   of   t he   t o r s i o n   s p r i n g   90,  a n d  

t h e   t o r s i o n   s p r i n g   b i a s   or  t o r q u e   is  i n c r e a s e d   by  an  a p -  

p r o x i m a t e l y   a d d i t i o n a l   t w o - t h i r d s   by  90°  r e l a t i v e   r o t a t i o n  

of   t h e   two  g e a r   p a r t s   r o t a t i n g   t h e   a b u t m e n t   s e g m e n t   70  i n t o  

e n g a g e m e n t   w i t h   t h e   t r a i l i n g   a b u t m e n t   s h o u l d e r   7 2 .  



In  t h e   c o s t   c o u n t e r   10  shown  in  F i g .   1,  t h e   c o u n t e r  

w h e e l s   r o t a t e   u p w a r d l y   as  v i e w e d   f rom  in  f r o n t   of   t h e   c o s t  

c o u n t e r   and  in  t he   c o u n t e r c l o c k w i s e   d i r e c t i o n   as  v i e w e d   i n  

F i g .   2.  The  c o s t   c o u n t e r   w h e e l s   of  t he   c o s t   c o u n t e r   ( n o t  

shown)   on  t h e   o p p o s i t e   s i d e   of  t he   u s u a l   f u e l   pump  r e g i s t e r  

r o t a t e   in  t h e   o p p o s i t e   a n g u l a r   d i r e c t i o n ,   d o w n w a r d l y   a s  

v i e w e d   f rom  in  f r o n t   of  t h e   c o s t   c o u n t e r ,   in   w h i c h   e v e n t  

a  r e v e r s e   t o r s i o n   s p r i n g   ( n o t   shown)   is   u s e d   w i t h   t h e  

two  m o l d e d   g e a r   p a r t s   32,   46  f o r   a n g u l a r l y   b i a s i n g   t h e  

two  g e a r   p a r t s   in  t he   o p p o s i t e   a n g u l a r   d i r e c t i o n .   T h e  

t r a n s f e r   p i n i o n   is  a s s e m b l e d   in  e x a c t l y   t he   same  m a n n e r  

as  d e s c r i b e d   e x c e p t   t h a t   t h e   two  p a r t s   a r e   r o t a t e d   r e l a t i v e  

to  e a c h   o t h e r   in   t h e   o p p o s i t e   a n g u l a r   d i r e c t i o n   ( i . e .   i n  

t h e   d i r e c t i o n   f o r   c o n t r a c t i n g   t he   t o r s i o n   s p r i n g )   to  p r e -  

l o a d   t h e   t o r s i o n   s p r i n g   and  a s s e m b l e   t h e   t r a n s f e r   p i n i o n .  

Thus  t h e   two  m o l d e d   p l a s t i c   g e a r   p a r t s   32,  46  a r e  

u s e f u l   in  t r a n s m i t t i n g   a  t r a n s f e r   c o u n t   in  e i t h e r   a n g u l a r  

d i r e c t i o n   d e p e n d i n g   on  the   t y p e   of   t o r s i o n   s p r i n g   u s e d .  

A l s o ,   i t   can  be  s e e n   t h a t   in  t he   two  90°  s p a c e d   l i m i t  

p o s i t i o n s   of  t h e   two  g e a r   p a r t s   32,  46,   t he   g e a r   t e e t h  

of  t h e   two  g e a r   p a r t s   a re   in  a n g u l a r   a l i g n m e n t   to  p r o v i d e  

t h e   same  t r a n s f e r   p i n i o n   d r i v e   in  b o t h   a n g u l a r   d i r e c t i o n s .  



In  o p e r a t i o n ,   t h e   i n p u t   g e a r   p a r t   32  o f   t h e   t r a n s f e r  

p i n i o n   is   a d a p t e d   to  r o t a t e   r e l a t i v e   to  t h e   o u t p u t   g e a r  

p a r t   46  up  to  90°  d u r i n g   t h e   t r a n s f e r   of  a  c o u n t   f rom  t h e  

u n i t s   w h e e l   12  to  t h e   t e n s   w h e e l   13.  S i n c e   a  c o u n t   t r a n s -  

f e r   i s   t r a n s m i t t e d   by  90°  r o t a t i o n   of  t h e   t r a n s f e r   p i n i o n  

26,  ( i . e .   an  a n g l e   e q u a l   to  t h e   maximum  a n g l e   of   r e l a t i v e  

r o t a t i o n   of   t h e   two  t r a n s f e r   p i n i o n   p a r t s   32,   46)  t h e  

i n p u t   g e a r   p a r t   32  i s   a d a p t e d   to  be  r o t a t e d   a  f u l l   9 0 °  

t r a n s f e r   a n g l e   w i t h o u t   c o n c o m i t a n t   r o t a t i o n   of  t he   o u t p u t  

g e a r   p a r t   46  and  t e n s   d e c a d e   w h e e l   13.  A c c o r d i n g l y ,   a  

t r a n s f e r   to  t h e   t e n s   d e c a d e   w h e e l   13  can  be  t r a n s m i t t e d   a t  

a  r e l a t i v e l y   low  r a t e   d u r i n g   a  f u l l   r e v o l u t i o n   of  t h e   u n i t s  

d e c a d e   w h e e l   12.  A l s o ,   a t   t h e   c o m p l e t i o n   of  t h e   t r a n s f e r ,  

t h e   a b u t m e n t   s e g m e n t   70  r e e n g a g e s   t h e   l e a d i n g   a b u t m e n t  

s h o u l d e r   71  to  a c c u r a t e l y   l o c a t e   t h e   t e n s   d e c a d e   w h e e l   a t  

a  f u l l   c o u n t   p o s i t i o n   ( f o r   r e a d a b i l i t y   and  f o r   e n s u r i n g  

t h a t   t h e   t e n s   d e c a d e   w h e e l   i s   p r o p e r l y   r e s e t   when  t h e  

c o u n t e r   10  i s   r e s e t   to  z e r o ) .   Each   t e n s   t r a n s f e r   can   l a g  

up  to   a  maximum  of   one  f u l l   r e v o l u t i o n   of  t he   u n i t s   d e c a d e  

w h e e l   12,  w h e r e u p o n   t he   a b u t m e n t   s e g m e n t   70  is   e n g a g e d   b y  

t h e   t r a i l i n g   a b u t m e n t   s h o u l d e r   72  to  p r o v i d e   a  p o s i t i v e   t e n s  

t r a n s f e r   d r i v e   f r o m   t h e   u n i t s   d e c a d e   w h e e l   12  to  t h e   t e n s  

d e c a d e   w h e e l   1 3 .  



By  a p p r o p r i a t e   s e l e c t i o n   of  t h e   s p r i n g   r a t e   and  p r e -  

l o a d   of  t h e   t o r s i o n   s p r i n g   90,  t h e   t r a n s f e r   to  t h e   t e n s  

w h e e l   13  is   t r a n s m i t t e d   to  e n s u r e   t h a t   e a c h   t e n s   t r a n s f e r  

is   c o m p l e t e d   and  the   t e n s   w h e e l   13  comes  to   a  c o m p l e t e   r e s t  

w i t h i n   t he   a v a i l a b l e   f u l l   r e v o l u t i o n   of   t h e   u n i t s   w h e e l  

12,  and  w h e r e b y   e a c h   t e n s   t r a n s f e r   to  t he   t e n s   w h e e l   13  

b e g i n s   w i t h   t h e   t e n s   w h e e l   a t   r e s t   and  is  t r a n s m i t t e d  

s m o o t h l y   and  w i t h   a  g e n e r a l l y   c o n s t a n t   p e a k   t o r s i o n a l   b i a s  

on  t he   u n i t s   w h e e l   12.  T r a n s f e r   r e b o u n d   and  o s c i l l a t i o n  

can  be  e f f e c t i v e l y   e l i m i n a t e d   to  s u b s t a n t i a l l y   r e d u c e   t h e  

s h o c k   and  w e a r   on  t h e   c o u n t e r   m e c h a n i s m   and  c o u n t e r   d r i v e  

t r a i n .   A l s o ,   a  s i m i l a r   s h o c k   a b s o r b i n g   t r a n s f e r   p i n i o n ,  

h a v i n g   i f   d e s i r e d   a  t o r s i o n   s p r i n g   w i t h   a  d i f f e r e n t   s p r i n g  

r a t e ,   can   be  p r o v i d e d   b e t w e e n   t h e   t e n s   and  h u n d r e d s   d e c a d e  

w h e e l s   13,  14  f o r   m i n i m i z i n g   t r a n s f e r   s h o c k   and  w e a r   a c -  

c o m p a n y i n g   t r a n s f e r s   to  t h e   h u n d r e d s   d e c a d e   w h e e l   1 4 .  

R e f e r r i n g   to  F i g s .   4  and  5,  a  s e c o n d   e m b o d i m e n t   1 2 6  

of   a  t r a n s f e r   p i n i o n   of  t h e   p r e s e n t   i n v e n t i o n   has   i n p u t   a n d  

o u t p u t   g e a r   s e c t i o n s   132 ,   146  w h i c h   f u n c t i o n   g e n e r a l l y   l i k e  

t h e   g e a r   s e c t i o n s   32,  46  r e s p e c t i v e l y   of  t h e   t r a n s f e r   p i n i o n  

26  p r e v i o u s l y   d e s c r i b e d .   And,  as  w i t h   t h e   t r a n s f e r   p i n i o n  

e m b o d i m e n t   26,  t he   two  m o l d e d   p l a s t i c   p a r t s   132 ,   146  h a v e  

i n d i v i d u a l   hubs   148 ,   149  f o r   i n d i v i d u a l l y   and  i n d e p e n d e n t l y  

r o t a t a b l y   m o u n t i n g   t he   two  g e a r   s e c t i o n s   132 ,   146  on  t h e  



t r a n s f e r   p i n i o n   s u p p o r t   s h a f t   24.  A l s o ,   t he   o u t p u t   g e a r  

s e c t i o n   146  has   a  r a d i a l   f l a n g e   150  w i t h   r a d i a l l y   i n w a r d l y  

p r o j e c t i n g   g e n e r a l l y   s e m i c i r c u l a r   t a n g s   or  e a r s   160  w h i c h  

c o o p e r a t e   w i t h   an  a n n u l a r   r a d i a l   f l a n g e   164  of   t he   i n p u t  

g e a r   s e c t i o n   132  f o r   i n t e r l o c k i n g   t h e   two  p a r t s   132 ,   1 4 6  

as  d e s c r i b e d   w i t h   r e s p e c t   to  t h e   t r a n s f e r   p i n i o n   26.  How-  

e v e r ,   in   t h e   t r a n s f e r   p i n i o n   126,   t h e   f o u r   t a n g s   160  a n d  

f o u r   o p e n i n g s   168  a r e   l o c a t e d   so  t h a t   t h e   two  m o l d e d   p a r t s  

132 ,   146  can   be  a s s e m b l e d   t o g e t h e r   in   a  90°  a n g u l a r   o f f s e t  

r e l a t i o n s h i p   and  t h e n   r o t a t e d   90°  r e l a t i v e   to  e a c h   o t h e r  

to  t h e i r   a t - r e s t   r e l a t i v e   p o s i t i o n   shown  in  F i g .   4  w h e r e  

t h e   g e a r   t e e t h   of   t h e   two  g e a r   p a r t s   a r e   in  a n g u l a r   a -  

l i g n m e n t .   A l s o ,   as  h e r e i n a f t e r   d e s c r i b e d ,   t h e   i n p u t   a n d  

o u t p u t   g e a r   p a r t s   1 3 2 ,   146  a r e   r e l a t i v e l y   r o t a t a b l e   a t  

l e a s t   180°   in   e a c h   a n g u l a r   d i r e c t i o n   f rom  t h e i r   a t - r e s t  

r e l a t i v e   p o s i t i o n   shown  in  F i g .   4 .  

The  two  t r a n s f e r   p i n i o n   p a r t s   132 ,   146  t o g e t h e r   f o r m  

an  i n t e r n a l   a n n u l u s   176  s u r r o u n d i n g   t h e   t r a n s f e r   p i n i o n  

s h a f t   24,  and  h a v e   o p p o s e d   n o n e n g a g i n g ,   s u b s t a n t i a l l y  

i d e n t i c a l   a b u t m e n t   s e g m e n t s   170 ,   171 .   The  a b u t m e n t   s e g m e n t s  

170 ,   171  a r e   in  o p p o s e d   a x i a l   a l i g n m e n t   in  t he   a t - r e s t   r e l a -  

t i v e   p o s i t i o n   of  t h e   two  t r a n s f e r   p i n i o n   p a r t s   132 ,   1 4 6 .  



A  t o r s i o n   c o i l   s p r i n g   190  is  m o u n t e d   in  t h e   i n t e r n a l  

a n n u l u s   176  w i t h   i t s   r a d i a l l y   i n w a r d l y   e x t e n d i n g   end  t a n g s  

191 ,   192  e n g a g i n g   o u t e r   r a d i a l   e d g e s   or  s h o u l d e r s   193  o f  

two  s e p a r a t e   b u t   i d e n t i c a l   a b u t m e n t   p a w l s   194 ,   195  r o t a t -  

a b l y   m o u n t e d   w i t h i n   t h e   a n n u l u s   176  on  the   t r a n s f e r   p i n i o n  

s h a f t   24.  The  a b u t m e n t   p a w l s   194 ,   195  have   a l i g n e d   s u p p o r t  

hubs   196  w i t h   o u t e r   r e d u c e d   c y l i n d r i c a l   ends   197  r e c e i v e d  

w i t h i n   r e d u c e d   b o r e s   198  in  t h e   g e a r   p a r t s   132 ,   146.   E a c h  

p a w l   194 ,   195  has  an  a x i a l   f l a n g e   199  a x i a l l y   o v e r l a p p i n g  

t h e   hub  196  of   t h e   o t h e r   pawl   f o r   e n g a g e m e n t   w i t h   b o t h  

c o r r e s p o n d i n g   r a d i a l   end  s h o u l d e r s   200  of  t he   a b u t m e n t  

s e g m e n t   170,   171.   The  t o r s i o n   c o i l   s p r i n g   190  e n c i r c l e s  

the   a b u t m e n t   s e g m e n t s   170 ,   171  and  p a w l s   194 ,   195  a n d  

t h e   t o r s i o n   s p r i n g   end  t a n g s   191 ,   192  e n g a g e   the   o u t e r  

r a d i a l   s h o u l d e r s   193  of  t h e   p a w l s   194 ,   195  to  b i a s   t h e  

two  r o t a t a b l e   p a w l s   194 ,   195  in  o p p o s i t e   a n g u l a r   d i r e c t i o n s  

i n t o   e n g a g e m e n t   w i t h   t he   two  p a i r s   of  o p p o s i t e l y   f a c i n g  

s h o u l d e r s   200  of  t h e   a b u t m e n t   s e g m e n t s   170,   1 7 1 .  

The  t o r s i o n   c o i l   s p r i n g   190  has  f o r   e x a m p l e   f i v e   o r  

s i x   c o i l s   w i t h   t h e   s p r i n g   end  t a n g s   191 ,   192  in  a n g u l a r  

a l i g n m e n t   in  t he   u n l o a d e d   s p r i n g   s t a t e   and  w h e r e b y   t h e  



t o r s i o n   s p r i n g   190  i s   p r e l o a d e d   a p p r o x i m a t e l y   180°  in  i t s  

n o r m a l   or  r e s t   p o s i t i o n   shown  in  F i g .   4.  A l s o ,   in  t h e  

u n l o a d e d   s p r i n g   s t a t e ,   t h e   s p r i n g   c o i l s   have   an  o u t e r  

d i a m e t e r   a p p r o x i m a t e l y   e q u a l   to  b u t   s l i g h t l y   more   t h a n  

t h e   d i a m e t e r   of   an  i n t e r n a l   c y l i n d r i c a l   b o r e   203  in  t h e  

i n p u t   g e a r   s e c t i o n   132  to  r e t a i n   t h e   a s s e m b l e d   s p r i n g  

190  a g a i n s t   s u b s t a n t i a l   l a t e r a l   m o v e m e n t   d u r i n g   r e l a t i v e  

r o t a t i o n   o f   t h e   two  t r a n s f e r   p i n i o n   p a r t s   132 ,   146 .   A 

s m a l l e r   i n t e r n a l   c y l i n d r i c a l   b o r e   205  in  t h e   o u t p u t   g e a r  

p a r t   146  i s   shown  f o r   a x i a l l y   r e t a i n i n g   t h e ' s p r i n g   c o i l s  

w i t h i n   t h e   l a r g e r   b o r e   203  in  t h e   i n p u t   g e a r   p a r t   1 3 2 .  

A l s o ,   t h e   two  o p p o s e d   p a w l s   194 ,   195  h a v e   r a d i a l   e n d  

f l a n g e s   205  a t   t h e i r   o u t e r   a x i a l   e n d s   f o r   a x i a l l y   r e t a i n i n g  

t h e   t o r s i o n   s p r i n g   c o i l s   t h e r e b e t w e e n   and  w h e r e b y   t h e  

t o r s i o n   s p r i n g   190  i s   c o n f i n e d   a g a i n s t   s u b s t a n t i a l   a x i a l  

and   r a d i a l   d i s p l a c e m e n t   w i t h i n   t h e   i n t e r n a l   a n n u l u s   1 7 6 .  

For   i n s t a l l i n g   t h e   t o r s i o n   s p r i n g   190  and  a s s e m b l i n g  

t h e   t r a n s f e r   p i n i o n   126 ,   t h e   i n p u t   g e a r   p a r t   132  and  t h e  

c o r r e s p o n d i n g   r o t a r y   a b u t m e n t   pawl   194  a r e   m o u n t e d   on  a  

s u i t a b l e   f i x t u r e   s h a f t   ( n o t   shown)   and  t he   t o r s i o n   s p r i n g  

190  is   m o u n t e d   w i t h i n   t h e   b o r e   203  of   t h e   i n p u t   g e a r   p a r t  

132  w i t h   i t s   i n n e r   end  t a n g   191  in  e n g a g e m e n t   w i t h   t h e   p a w l  

194  and  t h e   pawl   in   e n g a g e m e n t   w i t h   one  s h o u l d e r   200  o f  



t h e   a b u t m e n t   s e g m e n t   170 .   The  o t h e r   a b u t m e n t   pawl   195  i s  

t h e n   m o u n t e d   on  t h e   f i x t u r e   s h a f t   ( n o t   shown)   to  p i c k   u p  

t h e   f r e e   end  t a n g   192  of   t he   c o i l   s p r i n g   190  and  r o t a t e d  

on  t h e   s h a f t ,   in  t he   c l o c k w i s e   d i r e c t i o n   as  v i e w e d   in  F i g .  

4,  and  a x i a l l y   s h i f t e d   i n t o   e n g a g e m e n t   w i t h   t h e   o t h e r  

r a d i a l   s h o u l d e r   200  of  t he   a b u t m e n t   s e g m e n t   170 .   The  o t h e r  

g e a r   p a r t   146  is  t h e n   m o u n t e d   on  t h e   f i x t u r e   s h a f t   ( n o t  

shown)   w i t h   i t s   a b u t m e n t   s e g m e n t   171  in  a l i g n m e n t   w i t h   t h e  

a b u t m e n t   s e g m e n t   170  of  t h e   i n p u t   g e a r   p a r t   132  and  b e t w e e n  

the   a b u t m e n t   p a w l s   194,   195.   The  two  g e a r   p a r t s   132,   1 4 6  

a r e   t h e n   r o t a t e d   90°  r e l a t i v e   to  e a c h   o t h e r   in  e i t h e r  

a n g u l a r   d i r e c t i o n   to  a l i g n   t he   i n t e r l o c k   t a n g s   160  f o r .  

r e c e i p t   w i t h i n   t he   i n t e r l o c k   o p e n i n g s   1 6 8 .   The  two  g e a r  

p a r t s   132 ,   146  a r e   t h e n   p r e s s e d   t o g e t h e r   to  c o m p l e t e   t h e  

p i n i o n   a s s e m b l y   and  r e l e a s e d   to  p e r m i t   t he   t o r s i o n   s p r i n g  

190  to  r o t a t e   t h e   two  g e a r   p a r t s   90°  b a c k   i n t o   a l i g n m e n t  

as  shown  in  F i g .   4.  In  t h a t   p o s i t i o n ,   t h e   two  g e a r   p a r t s  

132 ,   146  a r e   n o r m a l l y   h e l d   a g a i n s t   r e l a t i v e   r o t a t i o n   b y  

t h e   p r e l o a d   b i a s   of  t h e   t o r s i o n   s p r i n g   190  t r a n s m i t t e d  

t h r o u g h   t h e   e n g a g e m e n t   of  t h e   a b u t m e n t   p a w l s   194,   195  w i t h  

t h e   p a i r s   of  end  s h o u l d e r s   200  of   t he   a b u t m e n t   s e g m e n t s  

170 ,   171.   The  t o r s i o n   s p r i n g   190  is   p r e l o a d e d   a  p r e d e -  



t e r m i n e d   a m o u n t   d e p e n d e n t   on  i t s   s p r i n g   r a t e   by  t he   a p p r o x i -  

m a t e l y   180°   p r e l o a d   r o t a t i o n   o f   t h e   t o r s i o n   s p r i n g   190  a n d  

t h e   t o r s i o n   s p r i n g   b i a s   or  t o r q u e   is   i n c r e a s e d   by  a p p r o x i -  

m a t e l y   an  a d d i t i o n a l   o n e - h a l f   by  90°  r e l a t i v e   r o t a t i o n   o f  

t h e   two  g e a r   p a r t s   in   e i t h e r   a n g u l a r   d i r e c t i o n   f rom  t h e i r  

a t - r e s t   p o s i t i o n .  

The  t r a n s f e r   p i n i o n   126  f u n c t i o n s   in   t he   same  m a n n e r  

as  t h e   t r a n s f e r   p i n i o n   e m b o d i m e n t   26  p r e v i o u s l y   d e s c r i b e d  

e x c e p t i n g   t h a t   t h e   two  g e a r   p a r t s   132 ,   146  a r e   r e l a t i v e l y  

r o t a t a b l e   up  to  a t   l e a s t   180°  a g a i n s t   t h e   b i a s   of   t he   p r e -  

l o a d e d   t o r s i o n   s p r i n g   190  in  b o t h   a n g u l a r   d i r e c t i o n s .   A c -  

c o r d i n g l y ,   a l t h o u g h   t h e   a b u t m e n t   p a w l s   194 ,   195  p r o v i d e   f o r  

a c c u r a t e l y   l o c a t i n g   t h e   a t - r e s t   r e l a t i v e   p o s i t i o n   of  t h e  

i n p u t   and  o u t p u t   g e a r   p a r t s   132 ,   146 ,   t he   t r a n s f e r   d r i v e  i s  

c u s h i o n e d   n o t   o n l y   d u r i n g   t h e   i n i t i a l   a c c e l e r a t i o n   of   t h e  

t r a n s f e r   d r i v e   b u t   a l s o   d u r i n g   d e c e l e r a t i o n   of  t h e   t r a n s f e r  

d r i v e   a t   t h e   end  of   t h e   t r a n s f e r   i n t e r v a l .   T h e r e f o r e ,   t h e  

d e c e l e r a t i o n   i m p a c t   on  t h e   c o u n t e r   m e c h a n i s m   i n c l u d i n g   t h e  

d e c e l e r a t i o n   i m p a c t   of  t h e   i n p u t   g e a r   s e c t i o n   132  w i t h   t h e  

l o c k i n g   r i n g   36  of   t h e   u n i t s   c o u n t e r   w h e e l   12  is  m i n i m i z e d  

by  t h e   b i - d i r e c t i o n a l   t o r s i o n a l   i n t e r c o n n e c t i o n   b e t w e e n   t h e  

i n p u t   and  o u t p u t   g e a r   p a r t s   132 ,   146 .   A l s o ,   t h e   t r a n s f e r  

p i n i o n   126  can   a c c u m u l a t e   two  f u l l   t r a n s f e r s   by  180°  r e l a -  



t i v e   r o t a t i o n   of   t h e   two  g e a r   p a r t s   132 ,   146  and  w h e r e b y  

t h e   t r a n s f e r   p i n i o n   126  is  u s e f u l   f o r   e x a m p l e   w i t h   a  m u l t i -  

p l e   t r a n s f e r   d r i v e   c o u n t e r   w h e e l   ( n o t   s h o w n ) .   F u r t h e r ,   t h e  

t r a n s f e r   p i n i o n   126  is  e q u a l l y   u s e f u l   in  b o t h   a n g u l a r  

d i r e c t i o n s   and  is  t h e r e f o r e   u s e f u l   in  c o u n t e r s   on  b o t h  

s i d e s   of  f u e l   pump  r e g i s t e r s   w h i c h   r o t a t e   in  o p p o s i t e  

a n g u l a r   d i r e c t i o n s .  

As  w i l l   be  a p p a r e n t   to  p e r s o n s   s k i l l e d   in  t h e   a r t ,  

v a r i o u s   m o d i f i c a t i o n s ,   a d a p t a t i o n s   and  v a r i a t i o n s   of  t h e  

f o r e g o i n g   s p e c i f i c   d i s c l o s u r e   can  be  made  w i t h o u t   d e p a r t -  

i ng   f rom  t h e   t e a c h i n g s   of  t he   p r e s e n t   i n v e n t i o n .  



1.  In  a  r e s e t t a b l e   r o t a r y   c o u n t e r   h a v i n g   a t   l e a s t   t w o  

c o a x i a l   r e s e t t a b l e   c o u n t e r   w h e e l s   of  a s c e n d i n g   o r d e r  

of  s i g n i f i c a n c e   a d a p t e d   to  be  r o t a t e d   in  a  f i r s t  

a n g u l a r   d i r e c t i o n   t h e r e o f   f o r   a c c u m u l a t i n g   a  c o u n t ,  

and  an  i n t e r m e d i a t e   r o t a r y   t o r q u e   c o n t r o l   t r a n s f e r  

p i n i o n   h a v i n g   s e p a r a t e   c o a x i a l   i n p u t   and  o u t p u t   g e a r  

s e c t i o n s   in   o p e r a t i v e   e n g a g e m e n t   w i t h   a d j a c e n t   c o u n t e r  

w h e e l s   of   l o w e r   and  h i g h e r   o r d e r   r e s p e c t i v e l y   f o r  

b e i n g   i n t e r m i t t e n t l y   i n d e x e d   a  p r e d e t e r m i n e d   t r a n s f e r  

a n g l e   in   one  a n g u l a r   d i r e c t i o n   t h e r e o f ,   by  r o t a t i o n  

of  t h e   l o w e r   o r d e r   c o u n t e r   whee l   in  s a i d   f i r s t   a n g u l a r  

d i r e c t i o n ,   f o r   i n d e x i n g   the   h i g h e r   o r d e r   c o u n t e r   w h e e l  

one  c o u n t   in  s a i d   f i r s t   a n g u l a r   d i r e c t i o n ,   t he   i m p r o v e -  

ment   w h e r e i n   t h e   t r a n s f e r   p i n i o n   c o m p r i s e s   c o o p e r a t i n g  

a b u t m e n t   m e a n s   p e r m i t t i n g   r o t a t i o n   of  t he   i n p u t   g e a r  

s e c t i o n   r e l a t i v e   to  t h e   o u t p u t   g e a r   s e c t i o n   in  a t   l e a s t  

s a i d   one  a n g u l a r   d i r e c t i o n   from  a  f i r s t   r e l a t i v e   a n g u -  

l a r   p o s i t i o n   t h e r e o f   and  e n g a g e a b l e   to  a c c u r a t e l y  

e s t a b l i s h   s a i d   f i r s t   r e l a t i v e   a n g u l a r   p o s i t i o n ,   a n d  

t o r s i o n   s p r i n g   means   a n g u l a r l y   b i a s i n g   t h e   a b u t m e n t  

means   i n t o   e n g a g e m e n t   to  a n g u l a r l y   b i a s   t he   o u t p u t   a n d  



i n p u t   g e a r   s e c t i o n s   to  s a i d   f i r s t   r e l a t i v e   a n g u l a r  

p o s i t i o n   and  p e r m i t t i n g   r o t a t i o n   of  t he   i n p u t   g e a r  

s e c t i o n   r e l a t i v e   to  t he   o u t p u t   g e a r   s e c t i o n   in  a t  

l e a s t   s a i d   one  a n g u l a r   d i r e c t i o n   a g a i n s t   t he   b i a s   o f  

t he   t o r s i o n   s p r i n g   m e a n s ,   t he   s a i d   r e l a t i v e   r o t a t i o n  

of   t h e   i n p u t   and  o u t p u t   g e a r   s e c t i o n s   b e i n g   at   l e a s t  

a p p r o x i m a t e l y   e q u a l   to  t he   p r e d e t e r m i n e d   t r a n s f e r   a n g l e  

of  t h e   t r a n s f e r   p i n i o n   to  p e r m i t   t h e   i n p u t   g e a r   s e c t i o n  

to  be  d y n a m i c a l l y   i n d e x e d   s a i d   p r e d e t e r m i n e d   t r a n s f e r  

a n g l e   in  s a i d   one  a n g u l a r   d i r e c t i o n   by  t h e   l o w e r   o r d e r  

c o u n t e r   w h e e l   g e n e r a l l y   i n d e p e n d e n t l y   of  t he   f o l l o w i n g  

d y n a m i c   r o t a t i o n   of   the   h i g h e r   o r d e r   c o u n t e r   w h e e l   b y  

t h e   o u t p u t   g e a r   s e c t i o n .  

2.  A  r e s e t t a b l e   r o t a r y   c o u n t e r   a c c o r d i n g   to  c l a i m   1  w h e r e i n  

t h e   a b u t m e n t   means   c o m p r i s e s   f i r s t   and  s e c o n d   i n t e g r a l  

a b u t m e n t s   on  t h e   i n p u t   and  o u t p u t   g e a r   s e c t i o n s   r e -  

s p e c t i v e l y   and  at  l e a s t   one  r o t a r y   a b u t m e n t   p a w l  

e n g a g e a b l e   w i t h   t he   f i r s t   and  s e c o n d   a b u t m e n t s   of  t h e  

i n p u t   and  o u t p u t   g e a r   s e c t i o n s   to  e s t a b l i s h   t h e i r   f i r s t  

r e l a t i v e   a n g u l a r   p o s i t i o n ,   t he   t o r s i o n   s p r i n g   means   b e i n g  

c o n n e c t e d   to  s a i d   one  r o t a r y   a b u t m e n t   pawl   f o r   a n g u l a r l y  



b i a s i n g   t h e   g e a r   s e c t i o n s   v i a   t he   one  r o t a r y   a b u t m e n t  

pawl   to  t h e i r   f i r s t   r e l a t i v e   a n g u l a r   p o s i t i o n .  

3.  A  r e s e t t a b l e   r o t a r y   c o u n t e r   a c c o r d i n g   to  c l a i m   1  w h e r e i n  

t h e   a b u t m e n t   means   c o m p r i s e s   f i r s t   and  s e c o n d   i n t e g r a l  

a b u t m e n t   means   on  t h e   i n p u t   and  o u t p u t   g e a r   s e c t i o n s  

p r o v i d i n g   f i r s t   and  s e c o n d   a n g u l a r l y   o p p o s i t e l y   f a c i n g  

p a i r s   of   a b u t m e n t s ,   and  f i r s t   and  s e c o n d   s e p a r a t e   r o t a r y  

a b u t m e n t   p a w l s   e n g a g e a b l e   w i t h   t h e   f i r s t   and  s e c o n d   p a i r s  

of   a b u t m e n t s   r e s p e c t i v e l y   to  e s t a b l i s h   t he   f i r s t   r e l a t i v e  

a n g u l a r   p o s i t i o n   of   t he   g e a r   s e c t i o n s ,   the   t o r s i o n   s p r i n g  

means   b e i n g   c o n n e c t e d   b e t w e e n   the   f i r s t   and  s e c o n d   r o t a r y  

a b u t m e n t   p a w l s   to  b i a s   t h e   pawls   in  o p p o s i t e   a n g u l a r  

d i r e c t i o n s   i n t o   e n g a g e m e n t   wi th   t h e   f i r s t   and  s e c o n d  

p a i r s   of  a b u t m e n t s   to  b i a s   the  i n p u t   and  o u t p u t   g e a r  

s e c t i o n s   to   t h e i r   f i r s t   r e l a t i v e   a n g u l a r   p o s i t i o n   a n d  

p e r m i t t i n g   r e l a t i v e   a n g u l a r   d i s p l a c e m e n t   t h e r e o f   i n  

e a c h   a n g u l a r   d i r e c t i o n .  

4.  A  r e s e t t a b l e   r o t a r y   c o u n t e r   a c c o r d i n g   to  c l a i m   1,  2  o r  

3  w h e r e i n   t he   t o r s i o n   s p r i n g   means   p r o v i d e s   a  p r e l o a d  

t o r s i o n a l   b i a s   on  t h e   i n p u t   and  o u t p u t   g e a r   s e c t i o n s   a t  



t h e i r   f i r s t   r e l a t i v e   a n g u l a r   p o s i t i o n .  

5.  A  r e s e t t a b l e   r o t a r y   c o u n t e r   a c c o r d i n g   to  c l a i m   1  w h e r e i n  

t he   g e a r   s e c t i o n s   h a v e   o p p o s e d   e n g a g i n g   a n n u l a r   f a c e s  

and  c o o p e r a t e   to  d e f i n e   an  i n t e r n a l   a n n u l u s   r a d i a l l y  

i n w a r d l y   of  t h e   o p p o s e d   a n n u l a r   f a c e s ,   and  w h e r e i n   t h e  

t o r s i o n   s p r i n g   means   c o m p r i s e s   a  c o i l   s p r i n g   s e c t i o n  

m o u n t e d   w i t h i n   s a i d   i n t e r n a l   a n n u l u s .  

6.  A  r e s e t t a b l e   r o t a r y   c o u n t e r   a c c o r d i n g   to  c l a i m   5  w h e r e i n  

t he   g e a r   s e c t i o n s   h a v e   a x i a l l y   o u t w a r d l y   and  a x i a l l y  

i n w a r d l y   f a c i n g   g e n e r a l l y   r a d i a l l y   e x t e n d i n g   s l o t s  

r e s p e c t i v e l y ,   and  w h e r e i n   t he   t o r s i o n   s p r i n g   m e a n s  

c o m p r i s e s   g e n e r a l l y   r a d i a l l y   e x t e n d i n g   end  t a n g s   a t  

t h e   o p p o s i t e   e n d s   of   t he   c o i l   s p r i n g   s e c t i o n   and  r e -  

c e i v e d   w i t h i n   t h e   s l o t s   r e s p e c t i v e l y   f o r   l o c k i n g   t h e  

s p r i n g   e n d s   to   t he   g e a r   s e c t i o n s   r e s p e c t i v e l y .  

7.  A  t r a n s f e r   p i n i o n   f o r   u s e   in  a  r o t a r y   c o u n t e r   f o r  

t r a n s m i t t i n g   a  t r a n s f e r   c o u n t   f rom  a  l o w e r   o r d e r   c o u n t e r  

w h e e l   to  an  a d j a c e n t   c o a x i a l   n e x t   h i g h e r   o r d e r   c o u n t e r  

w h e e l ,   t h e   t r a n s f e r   p i n i o n   h a v i n g   i n p u t   and  o u t p u t   g e a r  

s e c t i o n s   f o r   e n g a g e m e n t   w i t h   a d j a c e n t   l o w e r   and  h i g h e r  



o r d e r   c o u n t e r   w h e e l s   f o r   b e i n g   i n t e r m i t t e n t l y   i n d e x e d  

a  p r e d e t e r m i n e d   t r a n s f e r   a n g l e   in   one  a n g u l a r   d i r e c t i o n  

t h e r e o f ,   by  r o t a t i o n   o f   t h e   l o w e r   o r d e r   c o u n t e r   w h e e l  

in  a  f i r s t   a n g u l a r   d i r e c t i o n   t h e r e o f ,   f o r   i n d e x i n g   t h e  

h i g h e r   o r d e r   c o u n t e r   w h e e l   one  c o u n t   in   s a i d   f i r s t  

a n g u l a r   d i r e c t i o n ,   t h e   i m p r o v e m e n t   w h e r e i n   t h e   t r a n s f e r  

p i n i o n   c o m p r i s e s   c o o p e r a t i n g   a b u t m e n t   means   p e r m i t t i n g  

r o t a t i o n   of  t h e   i n p u t   g e a r   s e c t i o n   r e l a t i v e   to  t h e   o u t p u t  

g e a r   s e c t i o n   in   at   l e a s t   s a i d   one  a n g u l a r   d i r e c t i o n   f r o m  

a  f i r s t   r e l a t i v e   a n g u l a r   p o s i t i o n   t h e r e o f   and  e n g a g e a b l e  

to   a c c u r a t e l y   e s t a b l i s h   s a i d   f i r s t   r e l a t i v e   a n g u l a r  

p o s i t i o n ,   and  t o r s i o n   s p r i n g   means   a n g u l a r l y   b i a s i n g  

t h e   a b u t m e n t   means   i n t o   e n g a g e m e n t   to  a n g u l a r l y   b i a s  

t h e   o u t p u t   and  i n p u t   g e a r   s e c t i o n s   to  s a i d   f i r s t   r e l a t i v e  

a n g u l a r   p o s i t i o n   and  p e r m i t t i n g   r o t a t i o n   of  t h e   i n p u t  

g e a r   s e c t i o n   r e l a t i v e   to  t he   o u t p u t   g e a r   s e c t i o n   in   a t  

l e a s t   s a i d   one  a n g u l a r   d i r e c t i o n   a g a i n s t   t h e   b i a s   o f  

t h e   t o r s i o n   s p r i n g   m e a n s ,   t he   s a i d   r e l a t i v e   r o t a t i o n   o f  

t h e   i n p u t   and  o u t p u t   g e a r   s e c t i o n s   b e i n g   at  l e a s t  

a p p r o x i m a t e l y   e q u a l   to  t h e   p r e d e t e r m i n e d   t r a n s f e r   a n g l e  

of   t h e   t r a n s f e r   p i n i o n   to  p e r m i t   t h e   i n p u t   g e a r   s e c t i o n  

to   be  d y n a m i c a l l y   i n d e x e d   s a i d   p r e d e t e r m i n e d   t r a n s f e r  



a n g l e   in  s a i d   one  a n g u l a r   d i r e c t i o n   by  t he   l o w e r   o r d e r  

c o u n t e r   w h e e l   g e n e r a l l y   i n d e p e n d e n t l y   of   t h e   f o l l o w i n g  

d y n a m i c   r o t a t i o n   of   t he   h i g h e r   o r d e r   c o u n t e r   w h e e l   b y  

t he   o u t p u t   g e a r   s e c t i o n .  

8.  A  t r a n s f e r   p i n i o n   a c c o r d i n g   to  c l a i m   7  w h e r e i n   t h e  

a b u t m e n t   means   c o m p r i s e s   f i r s t   and  s e c o n d   a b u t m e n t   m e a n s  

on  t h e   i n p u t   and  o u t p u t   g e a r   s e c t i o n s   t o g e t h e r   p r o v i d i n g  

f i r s t   and  s e c o n d   a n g u l a r l y   o p p o s i t e l y   f a c i n g   p a i r s   o f  

a b u t m e n t s ,   and  f i r s t   and  s e c o n d   s e p a r a t e   r o t a r y   a b u t m e n t  

p a w l s   e n g a g e a b l e   w i t h   t h e   f i r s t   and  s e c o n d   p a i r s   o f  

a b u t m e n t s   r e s p e c t i v e l y   to  e s t a b l i s h   t he   f i r s t   r e l a t i v e  

a n g u l a r   p o s i t i o n   of  t h e   g e a r   s e c t i o n s ,   t he   t o r s i o n   s p r i n g  

means   b e i n g   c o n n e c t e d   b e t w e e n   t he   f i r s t   and  s e c o n d   r o t a r y  

a b u t m e n t   p a w l s   to  b i a s   t h e   p a w l s   in  o p p o s i t e   a n g u l a r  

d i r e c t i o n s   i n t o   e n g a g e m e n t   w i t h   t h e   f i r s t   and  s e c o n d  

p a i r s   of   a b u t m e n t s   r e s p e c t i v e l y   to  b i a s   t h e   i n p u t   a n d  

o u t p u t   g e a r   s e c t i o n s   to  t h e i r   f i r s t   r e l a t i v e   a n g u l a r  

p o s i t i o n   and  p e r m i t t i n g   r e l a t i v e   a n g u l a r   d i s p l a c e m e n t  

t h e r e o f   in  e a c h   a n g u l a r   d i r e c t i o n .  

9.  A  t r a n s f e r   p i n i o n   a c c o r d i n g   to  c l a i m   8  w h e r e i n   t h e  

i n p u t   and  o u t p u t   g e a r   s e c t i o n s   c o o p e r a t e   to  d e f i n e   a n  



i n t e r n a l   a n n u l u s   t h e r e b e t w e e n   and  w h e r e i n   t h e   t o r s i o n  

s p r i n g   m e a n s   and  f i r s t   and  s e c o n d   r o t a r y   a b u t m e n t   p a w l s  

a r e   m o u n t e d   w i t h i n   t h e   i n t e r n a l   a n n u l u s .  

10.  A  r e s e t t a b l e   r o t a r y   c o u n t e r   a c c o r d i n g   to  c l a i m   1  w h e r e i n  

t h e   a b u t m e n t   means   c o m p r i s e s   c o o p e r a t i n g   a b u t m e n t   l i m i t  

means   on  t h e   i n p u t   and  o u t p u t   g e a r   s e c t i o n s   p e r m i t t i n g  

a  p r e d e t e r m i n e d   a n g l e   of  r o t a t i o n   of  t he   i n p u t   g e a r  

s e c t i o n   r e l a t i v e   to  t h e   o u t p u t   g e a r   s e c t i o n   in   s a i d  

one  a n g u l a r   d i r e c t i o n   f rom  t h e   f i r s t   to  a  s e c o n d  

r e l a t i v e   a n g u l a r   p o s i t i o n   and  p o s i t i v e l y   e n g a g e a b l e  

to   a c c u r a t e l y   e s t a b l i s h   s a i d   f i r s t   r e l a t i v e   a n g u l a r  

p o s i t i o n ,   and  w h e r e i n   t h e   t o r s i o n   s p r i n g   means   i n t e r -  

c o n n e c t s   t h e   g e a r   s e c t i o n s   and  a n g u l a r l y   b i a s e s   t h e m  -  

in   o p p o s i t e   a n g u l a r   d i r e c t i o n s   i n t o   s a i d   p o s i t i v e  

e n g a g e m e n t   at   s a i d   f i r s t   r e l a t i v e   a n g u l a r   p o s i t i o n .  

11.  A  r e s e t t a b l e   r o t a r y   c o u n t e r   a c c o r d i n g   to  c l a i m   1 0  

w h e r e i n   t h e   t o r s i o n   s p r i n g   means   p r o v i d e s   a  p r e l o a d  

t o r s i o n a l   b i a s   on  t h e   i n p u t   and  o u t p u t   g e a r   s e c t i o n s  

a t   t h e i r   s a i d   f i r s t   r e l a t i v e   a n g u l a r   p o s i t i o n .  



12.  A  r e s e t t a b l e   r o t a r y   c o u n t e r   a c c o r d i n g   to  c l a i m   10  o r  

11  w h e r e i n   t h e   g e a r   s e c t i o n s   have   r e s p e c t i v e   a x i a l l y  

e x t e n d i n g   hubs   f o r   r o t a t a b l y   m o u n t i n g   t h e   g e a r   s e c t i o n s  

of   t h e   t r a n s f e r   p i n i o n   and  r e s p e c t i v e   i n t e g r a l   a b u t m e n t s  

r a d i a l l y   o u t w a r d l y   of   t h e i r   r e s p e c t i v e   hubs   and  p r o -  

v i d i n g   s a i d   a b u t m e n t   l i m i t   means   p e r m i t t i n g   s a i d  

p r e d e t e r m i n e d   r e l a t i v e   a n g l e   of  r o t a t i o n .  

13.  A  r e s e t t a b l e   r o t a r y   c o u n t e r   a c c o r d i n g   to  c l a i m   10 

w h e r e i n   t h e   t r a n s f e r   p i n i o n   g e a r   s e c t i o n s   h a v e   o p p o s e d  

e n g a g i n g   a n n u l a r   f a c e s   and  c o o p e r a t e   to  d e f i n e   a n  

i n t e r n a l   a n n u l u s   t h e r e b e t w e e n   r a d i a l l y   i n w a r d l y   o f  

t h e   o p p o s e d   a n n u l a r   f a c e s ,   and  w h e r e i n   t h e   t o r s i o n  

s p r i n g   means   c o m p r i s e s   a  c o i l   s p r i n g   s e c t i o n   m o u n t e d  

w i t h i n   s a i d   a n n u l u s .  

14.  A  r e s e t t a b l e   r o t a r y   c o u n t e r   a c c o r d i n g   to  c l a i m   13  

w h e r e i n   t he   g e a r   s e c t i o n s   h a v e   a x i a l l y   o u t w a r d l y  

and  a x i a l l y   i n w a r d l y   f a c i n g   s l o t s   r e s p e c t i v e l y ,  

e x t e n d i n g   g e n e r a l l y   r a d i a l l y   o u t w a r d l y   f rom  t h e  

i n t e r n a l   a n n u l u s   and  s p a c e d   a x i a l l y   o u t w a r d l y   o f  

t h e   r e s p e c t i v e   a n n u l a r   f a c e ,   and  w h e r e i n   t he   t o r s i o n  



s p r i n g   m e a n s   c o m p r i s e s   g e n e r a l l y   r a d i a l l y   o u t w a r d l y  

e x t e n d i n g   end  t a n g s   a t   t h e   o p p o s i t e   e n d s   of   t h e   c o i l  

s p r i n g   s e c t i o n   and  r e c e i v e d   w i t h i n   t h e   s l o t s   r e -  

s p e c t i v e l y   f o r   l o c k i n g   t h e   s p r i n g   end  t a n g s   to   t h e  

g e a r   s e c t i o n s   r e s p e c t i v e l y .  
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